SUMMARY A detailed clinical study of 30 families with familial polyposis coli is presented. Seven 'isolated' cases are also described. It was found that some families did not exhibit any extracolonic manifestations, but the majority of families showed various numbers of members who had these manifestations of differing types and degrees. In view of the great variability within the members of a family, polyposis coli and the Gardner syndrome are probably both produced by one pleiotropic gene.
SUMMARY A detailed clinical study of 30 families with familial polyposis coli is presented. Seven 'isolated' cases are also described. It was found that some families did not exhibit any extracolonic manifestations, but the majority of families showed various numbers of members who had these manifestations of differing types and degrees. In view of the great variability within the members of a family, polyposis coli and the Gardner syndrome are probably both produced by one pleiotropic gene.
The occurrence of other neoplastic phenomena in association with polyposis coli has been considered. Many types of malignancy can occur in these patients and their families and the majority are probably fortuitous. The consistent finding of an association with medulloblastoma is such as to make this association of significance, but no reason is known for this. It is suggested that the term 'Turcot syndrome' should be used in a more restrictive manner than at present.
Polyposis coli, more correctly named multiple adenomatosis of the colon and rectum, is a disease, inherited as a Mendelian dominant trait, which progresses inevitably to carcinoma of the colon. Isolated cases were reported in the mid-I 9th century, but the first definitive account was from St Mark's Hospital, London,' where the first register for the disease was started and further aspects of the condition were recognised.2-4 Polyposis coli has been described in all parts of the world and large series have been reported from Sweden5 and Japan. 6 Many early reports7-9 of polyposis coli mention various extracolonic manifestations. Gardner and Richards'0 recognised the syndrome and described a classical family. Initially, the extracolonic phenomena described were epidermoid cysts, osteomas, and fibromas, but later Gardner" added dental abnormalities and desmoids.
In 1974, a register was started at the Johns Hopkins Hospital in Baltimore and an analysis is given of the first 30 families with polyposis coli. Cases were ascertained in two ways. Letters were sent to 7000 physicians in Maryland and the surrounding five states (Delaware, New Jersey, Pennsylvania, Virginia, West Virginia) and the district of Columbia, asking for the names of any patients in their practices who had intestinal polyposis. Approximately 200 replied stating that they had looked after such patients. Permission was Received for publication 6 August 1981 requested from these physicians to approach the patient or, if he or she were dead, the closest living relative, to participate in the study.
Another method was to request from accredited hospitals in the area a list of all patients who had received treatment over the past 10 years for one of the hereditary polyposes. Patients and relatives were then approached and sent a medical and genealogical questionnaire. The pedigree was then sketched out in the appropriate direction. Hospitals and physicians were contacted to provide further details of diagnosis, pathology, treatment, etc. In some cases records could not be obtained because they had been lost, destroyed, etc. Investigation was offered to family members between 10 and 60 years of age, although these age limits were not strict.
Investigations CLINICAL EXAMINATION
On the day of examination family members were seen at the hospital in the morning. A medical history was taken, particular note being made of the age of onset of any bowel symptoms and the presence of any skin lumps or cysts. A full clinical examination was performed.
irrelevant for the diagnosis of polyposis coli, but it is very important in assessing the risk of a polyp becoming malignant.12 It is advisable, therefore, to try and assess the adenomas in the entire colon.
After intravenous premedication with atropine 0 6 mg, pethidine 50 mg, and a variable quantity of diazepam (usually 5 to 15 mg) colonoscopy was performed. Biopsies were taken from polyps. It was the aim in all cases to try to examine the entire colon, but sometimes this proved impossible. If excessive discomfort was shown by the patient the examination was stopped, as the majority would be re-examined at future dates for the possible development of adenomas and it was considered important to maintain their full co-operation.
DENTAL EXAMINATION
On recovery from the intravenous sedative the patient was examined by the dental geneticist (Dr L S Levin) and panoramic radiographs of the mandible and maxilla were taken. Table 4 shows the number of subjects known to have adenomas and the number of them who are reliably known to have extracolonic manifestations. Table 5 shows details of the extracolonic manifestations which occurred in 51 persons in the 16 Two subjects with cysts omitted, as the age of onset was very indefinite This is the first time such a tumour has been described in association with polyposis coli and it is included partly for this reason and because a medulloblastoma, despite its name, develops from the cerebellum. Four of these five cases occurred in families in which other, commoner, extracolonic lesions occurred. The cerebellar cyst occurred in a family remarkable for the frequent early occurrence of skin cysts (family 7).
Medulloblastoma affects males 4:3 times more frequently than females.21 Fifty percent occur in the first decade, with a second peak at about 20 to 24 years of age. They form about 11 % of all intracranial tumours of neuroepithelial origin.22 Two of our cases were confirmed at necropsy as being medulloblastomas. Two are of unknown histology, but case 5 is almost certainly another example, having been clinically designated a 'brain stem tumour'. Case 4 is more speculative; she died aged 3 and no further details of the brain tumour are available, since the death occurred in the 1930s.
The occurrence of the rare medulloblastoma in families with polyposis coli is unlikely to be fortuitous. The incidence of cerebral tumours in the USA is 4-4/100 000 population per year.23 Our cases occurred in a total of403 family members. No reason is known for this association.
The term 'Turcot syndrome' has been given to the association of polyposis coli and any primary brain tumour. There is a considerable difference, however, between his family18 and the brain tumours encountered in the Stockholm, London, and Baltimore studies. Turcot's sibs had parents who were phenotypically normal and were third cousins. A recent Japanese case report24 is of a family similar to Turcot's. The parents did not have colonic polyps and were first cousins. Both affected daughters had an astrocytoma and colonic adenomas. The family of Baughman et al'9 is similar to Turcot's, but the parents were not known to be related.
All the other families have had a parent with polyposis coli and in most cases the child's colon was not known to be diseased. It would seem advisable not to use the term 'Turcot syndrome' for all types of brain tumour associated with polyposis coli.
It is relevant to draw attention to the two young daughters of the proband of family 7, who both died from the effects of hydrocephalus. Hydrocephalus has not previously been associated with the Gardner syndrome, but it would not be surprising if the abnormal fibrous tissue affected the nervous system, producing gliosis which could have been responsible for the hydrocephalus; no tumour was found at investigation. Family 7 included other members with abnormal fibrous tissue reaction. A report from Tokyo25 described a male, with no significant family history, who had skull osteomas, colonic adenocarcinoma, and colorectal polyps. He had a craniotomy for a metastatic adenocarcinoma, but was reinvestigated a few months later having developed signs of raised intracranial pressure; a postoperative abnormal hyperplasia of the dura had developed. Of some interest is the fact that only one case of gastric carcinoma was found. The other malignancies were all single examples and were probably fortuitous.
Three cases of polyposis coli associated with gastric and duodenal polyps have been described.27 In two cases, biopsy confirmed them to be benign adenomas. Of these three cases, one did not have any other extracolonic manifestations, but the other two did have stigmata of the Gardner syndrome. These authors have reviewed the literature and point out that the paucity of occurrence of gastric adenomas may be because of the fact that no routine search was made. In contrast, a careful study from Tokyo28 searched for gastric lesions in cases of polyposis coli, their interest being stimulated by the high incidence of gastric cancer in Japan. They found gastric polyps in 10 of 15 cases. The frequency of gastric carcinoma in polyposis coli in Japan is low at 2.6 %, although the incidence of gastric carcinoma in the general population is high. The 'gastric polyps' were asymptomatic and none was pedunculated. Endoscopy and air contrast barium meals were performed in this investigation. No such thorough study of the stomach has been made previously in polyposis coli, but such a study would be valuable to compare the prevalence in the UK or USA with that in Japan, particularly in view of the different incidence of gastric cancer in these countries. In our own series there was only one known case of gastric carcinoma, indicating that if gastric adenomas are common in polyposis coli, they become malignant at a later age than colonic carcinoma and the tendency to malignancy is probably less. Several cases of peptic ulcer were found in our family members, but no mention was made of gastric polyps in the reports of the barium meals. All cases of polyposis coli should ideally be examined for the possibility of gastric lesions. As successful colectomy is performed more often and at younger ages, if these gastric polyps are common, gastric carcinoma may be seen more frequently in the future, as two of the three biopsied by Hoffman and Goligher27 did prove to be adenomas and presumably, therefore, premalignant.
Family 12 is unusual in having a familial occurrence of genitourinary carcinoma and polyposis coli. No such family has been previously described in the three large studies. A remarkable isolated case29 was reported of a patient who over 13 years developed adenocarcinomas of the colon secondary to polyposis coli, carcinoma of the ampulla of Vater, and a primary transitional cell carcinoma of the urinary bladder.
The term 'Gardner syndrome' has been used by some authors to include almost any abnormal feature, usually neoplastic, in association with polyposis coli. This seems to be unnecessary. The occurrence of isolated abnormalities (lymphoid hyperplasia of the ileum, adrenal carcinoma, carcinoma of the lung, etc) are probably chance associations and at present it does not serve any useful purpose to include them in an all-embracing term. The syndrome as described by Gardner in 1962 is helpful and important. It has been amply confirmed both in individual case reports and in large series, and the extracolonic manifestations are of prime importance both as an external 'marker' of the gene and in reminding the surgeon that a total colectomy and ileostomy is not always entirely curative. It is perfectly reasonable for carcinomas such as that of the lung to occur in families with polyposis coli. There is no suggestion or evidence at present to say that polyposis coli affords any degree of protection against the development of other types of neoplasia.
SINGLE MEMBER FAMILIES
Seven such sporadic cases occurred in this series ( 
